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THE APPLICATION CF FPOWERFUL SOURCES OF RADIATION IN INDUSTRY
-~ USSR -
[ﬁollowiﬁg is a tr anslation of an article by G. I. Grafov and
V. I. Siniteyn in Incherno-fizicheskiy zimumael (Physico-

eﬂgineering Tou*nal), Vc¢. iiI, No. 2, Mi nok, Febraary 1960,
pages 108-132,7

A conference on the application of powerful sources of radiation
in industry, particularly in the chemical industry, organized by the
International Agency on ptomic Ensrey end the first large iaternational
conference dovoted wholly to ths role of ionizing radiastion in indus-
triel procezoes, was held in Wardaw in %the period 8-12 Seplember 1959.

Read and discuseed at the confereucs wers more than 60 papers
touching upon concrete probiems of tie uss of radiation in industry,
and aiso coxtein allied sciemtific, technological, ani econcmic problems.
A briet survsy is given below of the materials presentsd &t the confors
ence.

THEZ ACTICN OF RADIATION ON PTASTICS AND ELASTOMERS

With his paper "The Physical Froperties of United Pclyvinyl
Chloride Chains of Copolymers Obtaired as a Result of ths Action of
Ionizing Radiation’ the English scientist S. K, Pinner showed that it
is possible to oblain products with sitrong cross-linking with relatively
smell doses of ionlzing radiation by adding diallyl and triallyl ethers
to polyvinyl chloride pricr to irradiation. Tests of the phaysical
rropexrties of these proiucts indicats that they are not simple graphite
copolymers, which ars ordinarily connected with the presencs of long
braached cheins, but united allyl polyumsr bonds.

Several papers vere presented by Japanese scientists. In order
to gtudy radiation chemical processes in several pol, rs, huaichnl
Onicl end others measured the espectra of ths electronic spin resonence
of vy-irradiated polymsrs. Spectra of electronic &pin resonance cen be
complex and broad for & nuzber ¢f roasons; thus recognition of in-
cluded radicals turned out to be &ifficvlt in many cases. 1In the
cases of cervain irradiated polymers, such as nyloen, polyethylene, and
polyvinyl alcohol, the spogtra of built-up, nonbuilt-up, and heat-
troated seumples differa fron one another. On the otker hand, builing
up, doubling the orientatlon, and heat treating did not creste different
spectra in the case of totrons (polyethylene phthalatei,
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M. Metsumoto end A, Danno (Japan) studied the ection of radiatim

on polyvinyl elcohol. They found that the procsse of shortsning the

siscular chains took place in the6aegion of low dosagss of radiation
on the ordex of 101 r (emitter, Co ), independsnt of the doss rate of
yediation. When large dcass of radiation were used, the greater the
dose rate, the greater the sase with which the polyvinyl alcohol ac-
gairsd cross-linkaeges. Irradiation in vacuo caused gelation at low
dnsege retes and with emeller total deosss than wes the case with
jrpraifation in air. These studies indicated ths maried influence of
oxygsn in the redilation proceas which conld be found eithsr In agueous
solubions or whisch could penstrate into a solid body from tas gurface
of the sample.

Dzh, Oster studicd the chemical action of ultraviclet rays on
the seme polymera which heve been stulied up to this time under *th
action of ionizing rediation. It turnmed out that in the cass of »oly~-
ethylsne and many other nigh polymers, irradiation with ultraviolet
reye caused crogslinking., Thus many chomical reenlis from photockemical
reactions are similar to the results of ionizing redietion.

T7E EFFECT OF RATIATION ON THE PROCESSES OF POLYMIRIZATION AND
BUTIDING-UP OF MACROMOIECULES, AND ITS EFFECT ON CZEMICAL REACTIONS

Tt was shown in the paper of S. 5. Medvedev and others that the
polyverization reastion of etaylene in gsolutions of hephans, cyclc-
hexans, methayl alcohol, end acetone at & pressure of 5 atm, a tempera-
ture of 250 ¢, and a dose rate of 98 »/sec procesds at a rate of
10-15 times faster than in the gas phass. The polymers that form have
an average molecular weight of 20,000-40,000, The wrate of the poly-
merizaticn process in the gas phase increases with time in ths inthisl
stages, then becomes constant. A decreass in ths polymorization rate
18 observed in the late stages. The radiation-chemical output at &
pressure of 300 atm, temperature of 25° C, and a dose rate of
72 r/sec/ emounts to 4,300-6,500 molecules of ethylene per 100 ev of
absorved enorgy.

Yo. V. Barelko and others demonstrated with a number of examples
ths role of radiation a5 an initiator whoss actlon is, In meny cases,
expedlently stopped et the boginning ¢f the reaction, thus ensuring
the smallest consumption of radiatilen energy per unit of reaction
product., The principle of sensitiziug the wadlation initiation of
transformations of radiation-resistant substeances with chomically in-
ert but radiation-unstable substanczes wag formulated. and based on the
example of the process of the oxidation of benzol, which Les boen
stulied in detail.




The English scientists F. Dalton and R. Roberts (Wentage Rediation
Laboratory) studied the effect of Y-radiation from cobalt-60 cn a
solution of acrylonitrite in pcly-dimsthylesiloxane. The degree of
polymerization of the acryloniirite was determined by a dllatometric
method. The relationship of the speed of the podymerization reaction
to the moncmer concentration, the intensity of radiation, anl the
temperature was determined and given a kinetic explanation.

S. Ckamura and others (Japan) studied the processes of the poly-
merization building~vp of surface and iptermal layors of nylon fibers
unde:r the asction of vY-raldlation from Co 0. t wag discovorsd that

when nylon fibers in e nitrogen atmosphore were irradlated, a gel was
formed while shortening of %hs molecular chaing took place in air.
2fter the fibers wsre irradiated in nitrozen, they were lmmorsed in
an aqueous solution of acrylamide, then irradiated again. Under such
processing, polymwerization duildimg-up took place exclusively on the
surface of the fiber. In air, building-up also took place in the Iun-
tornal layers of the fibers, az shown by photographic studies. The
authors achieved an increase in size of ssveral nunired percent over
tho initial weight of the fibers, at the seme tirs maintaining their
tensile strength by prccessing the fibers in e 5% solution of methanol
forrawids and suobsequent lrradiation of the fibers Wiuh 006 ine
methanol solution of siyrens.

In order to improve the prozsrties of motion-picture film and
fibers of polyvinyl, research was Gone in the Kyoto and Osaka labora-
tories of the Japanese Association for tihe Radilation Study of Polymers
(I. Sakurada and others) on the graphite copolymerization of differsnt
vinyl monomers with motion~picture films meds of polyvinyl by using

y-irradiaticn., It was found that the action of methyl methacrilate
in grafting f1lms made of polyvinyl was analogous to ths action of
styrene. The presence of water in the monomer solution aided grafting.
The maximum value for grafting reached 4,000% and was obtained with

a dosage of v-radiation equal to 5 x 102 .

Dzh. V. Suterlend and A, 0, Allen (USA, Brookhaven National
Laboratory) studled the rediolysis of pentane includsd in the crystalline
lattice of dehydratel synthstic zeollites. For a sodium zeolite, the
kydrogen yield chenges little, depending upon the amount of pentane in
the zeolito. Partial replecemsnt of sodivm ions by manganess ions
reduced the hydrogen yield, but replacement by covalt ions caused the
hydrogen yield to be increased many timza.

The French scientists M. Dyuryu and others studied the formation
of peroxides of certain hydrocarbons (cumens, isooctane, and others)
wmder ¥ ~irradiation, This reseerch showed that chain reactions of
oxidation of the hyirocarbons under radiation cen occuvr independently of
the temperature and, at the same tima, the rate of formation of psroxides
becomes quite high while the secondary resacticns, for example the
docomposition of the peroxide that is forming, remain insignificant.
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F, Trenar and P. Verrye (French Petroleum Inetitute) studied
processss of chlorination of a carbon chain conteining the CO0O agroup.
Under irradiation, the chlorine dissolved to the point of saturation
in ons of its liquid derivatives replaced one etom of hydrogen in the
carbon cliain. This reactlion hes the character of a chain process.
Radicals are formed under redioclytic deccmposition of the liquid medium
while the chlorine is the agent of chain formation., The G value I1s
very high and can exceed 107, thus the chlorinating reaction is
economically profitable and one can foresee its industrial application,
Monochlorinated and dichlorinstsd propioanic acids and ethers lead to
corrcsponding acrylic derivatives. Chlorination can be carrisd ouv
to the extrems stage of subatiituting Five atoms of hydrogen in the
carbon chain and even up to the point of obtaining the chlorids of
rentachlero propionic acid, thus producing & whole series of wholly
reproducible and frequently crystallizing products.

By ueing strong beams of high-energy electrons, A. Khengleyn
(UsA) synthosized new dechloro phosphine preperatious end preparations
of nitroso compovnds. The dichloro phosphines cen be synthesized
dlrsctly from phosphorus dichloride and aliphatic cr aromatic hydro-
carbons, The.new nitroco compounds can be syntkesized by introducing
free radicals into nitric oxide. The trichloride of nitroso-methens is
formed in & CCly--HO mixture, while the dichloride of nitroso-methers,
vhich had not been synthesized previously, i1s formed in a mixture of
CECl3--NO. The polywer was probably obtained in the PCl,--NO mixture
by ptlymerization of the intermediate nitroso-phosphine dichloride.

A. B, Kuz'minskly and others (USSR) used jonizing radiestion to
vulcanize silicons rubber. Rediation vulcanization of this rubdber d4id
not require the use of peroxide vulcanizers (their presence had a
regative effect on the expioitation of such rubbers), high tempsratures,
or subsequent curing in a thermoetet. Radiation vulcanization of poly-
dimethyl siloxaene requires emaller integrel doses and consequently can
be carried out in a shorter time than for many other types of rubber.
Radiation-vulcanized prcducts of silicone rubber possess a number of
advantages over peroxide vulecanization products (thermal aging, chemical
relaxation of stresses, accumulation of residual deformation under
. compression).

it was shown in the paper dy A, V. Topchiyev, L.S . Polak, end
others (USSR) "The Prospects for Industrial Use of Rediation-Thermal
Crecking of Normel Hydrocarbona" thet as the temperature was railsed,
the composition of the products of radiation-thermal cracking CRTC)
shifted more and mors toward the compesition of ordinary thermal cracking
even though the RTC tock place at temperatures not employed in ordinary
thermal cracking. Thus, by raising the temperature of radiclysis of
hydrocarbons, it is possible to increase the radiation yields of product
to practically acceptable levels. At the same tims, the yields of the
products of most interest to industry, the unsaturated compounds, show
the greastest increases.
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POWERFUL SOURCES OF RADIATION AND METHODS FCR USING THEM IN INDUSIRY

The paper presented by A Denno contained a description of the
design of a 10-kilocurie cobalt-60 source for studying the effects of
irradiation on organic compounds, polymers, and nonmetallic materials,
In order to provide even distribution of the dosage while irradiating
comparatively large samples, a cylindrical rediating device was designed
which was mede of 110 cobalt rods, each with a diameter of 3 mm and a
length of 125 mm. The specific activity per rod amounted to about
10 kilocuries per gram. Two rods weve inserted in a stainless steel
pipe with a wall thickness of 0.3 mu. These pipes were aseenmtled con-
centrically in two cylindrical shells with dismeters of 10 ené 11.8 cm,
The dimensions of the cyliandirical source were as follows: height 40.5
cm, external diameter 13.k cm, and internel dtamster 8.6 cm, Tae
source could be ssparated into two cylinders: the interior consisti
of 30 pipes placed equidictent from each other, and the exterior con-
sisting of 25 pipss., Taus it was possible to obtain a £isld of thres
different dose rates, depenling upon whether ths interior and exterior
¢ylinders were used simulteneously or separately.

D. U. Georg and D.N. Gregorl presented & descriptilon of the

¥ -apparatus of the Research Center of the Australian Comuission for
Atomic Energy in which the TVEL of the HIFAR experimental reactor was
used, After being removed from the reactor, the fusl elements were
kept in a water-cooled storage charber. The average actlvity of each
IVEL was about 10D kilocalories. Taey were stored in U8 nests located
in a square lattic with a latitice pltch of 178 mm. For irrvadiation,

a vessel with a diamoder of 228.6 mm was placed in the center of eight
symmetrically-arranged nests for positicning the TVEL., The space
avallable for irradiation had a diamsier of abtout 178 mnm and a length
of 762 mm., The material to bs irradiatod was fastoned to a protective
plug and introduced or withdrewn from the lrradiation pipe with the
special vertical loading device for servicing the reactor. A system
wvas provided for cooling the irradiated material, measuring its tempera~-
ture, controlling the air in the chamber, and removing liguid or gassous
reaction products., The paper gave & description of a device for
irradiating materials directly in the reactor.

The Soviet scientists N, P. Syrkus, A. Kh, Brecher, and B, I.
Vaynshteyn stated the basic technological characteriastics of apparatus
for carrying out radiation chemical procesges on an industrial scale,
They suggested a method for evalvating the effectlveness of an apparatus
of eny design by comparing it with the precductivity of an infinitely
large epparatus with the very same radiation source. The authors cal-
culated the technological characteristics of an apparatus for the radia~
tion polymerization of ethylene (at & pressure of 200 atm and temperature
of 25° C) with & cobalt-60 rod source for 7Y-radiation at different
activities,



Problems connected with the application of radiation for irradiating
food products, plants, and organism; problems of the econcmics of

processing with radiation; and other ilems were also discussed at the
conference. '
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